To determine the relationship between amyloid burden and neural function in healthy adults at risk for Alzheimer's Disease (AD), we used multimodal imaging with [C-11]Pittsburgh compound B positron emission tomography, [F-18]fluorodeoxyglucose, positron emission tomography , and magnetic resonance imaging, together with cognitive measurement in 201 subjects (mean age, 60.1 years; range, 46 e73 years) from the Wisconsin Registry for Alzheimer's Prevention. Using a qualitative rating, 18% of the samples were strongly positive Beta-amyloid (Abþ), 41% indeterminate (Abi), and 41% negative (AbÀ). Abþ was associated with older age, female sex, and showed trends for maternal family history of AD and APOE4. Relative to the AbÀ group, Abþ and Abi participants had increased glucose metabolism in the bilateral thalamus; Abþ participants also had increased metabolism in the bilateral superior temporal gyrus. Abþ participants exhibited increased gray matter in the lateral parietal lobe bilaterally relative to the AbÀ group, and no areas of significant atrophy. Cognitive performance and self report cognitive and affective symptoms did not differ between groups. Amyloid burden can be identified in adults at a mean age of 60 years and is accompanied by glucometabolic increases in specific areas, but not atrophy or cognitive loss. This asymptomatic stage may be an opportune window for intervention to prevent progression to symptomatic AD.
Introduction
Beta-amyloid (1e42) (Ab42) accumulation, a hallmark feature of Alzheimer's disease (AD), is putatively a major cause of neural dysfunction (Palop and Mucke, 2010 ) and eventual cognitive decline to dementia (Hardy and Higgins, 1992) . The first major stage of presymptomatic AD might be a period of brain Ab42 accumulation denoted by a positive amyloid positron emission tomography (PET) scan or abnormal levels of Ab in the cerebrospinal fluid (CSF) (Sperling et al., 2011) . A subset of healthy older adults have substantial amyloid burden in the brain when measured with amyloid PET imaging and associations with poorer cognitive function have been observed (Lim et al., 2012; Mathis et al., 2013; Rodrigue et al., 2012; Sperling et al., 2013) . Because amyloid PET labels extracellular insoluble aggregates, a presumed reason for associations with cognition is via cumulative neurotoxicity resulting in eventual cognitive decline (Jack et al., 2011a) . The specifics of the hypothesized model (Sperling et al., 2011) of preclinical amyloid staging are being elucidated empirically ( Jack et al., 2011b Jagust et al., 2012; Knopman et al., 2012 Knopman et al., , 2013 , but the temporal relationship between amyloid burden and neural and cognitive dysfunction in the earliest stages of preclinical AD is complex (Bateman et al., 2012; Reiman et al., 2012) , and causality is incompletely understood (Chetelat, 2013 ). An important model for studying disease course in presymptomatic AD is to examine people who harbor risk factors for the disease. Other than age, having a first-degree relative (Okonkwo et al., 2012a; Sager et al., 2005; Xiong et al., 2011) and possessing the epsilon4 allele of the apolipoprotein E gene (APOE4) are by far the most substantive risk factors for AD and these have been associated with Ab42 load and earlier age of Ab42 accumulation using imaging methods Morris et al., 2010; Mosconi et al., 2013; Rowe et al., 2010; Xiong et al., 2011) . In the present study, the effect of amyloid burden on neural function in a subset of a cognitively healthy at-risk cohort known as the Wisconsin Registry for AD Prevention (WRAP) was examined. The cohort consisted of >1500 persons aged 40e65 at study entry enriched with parental family history and APOE4 who were followed serially (Sager et al., 2005) . A major goal was to examine the rate of amyloid positivity (Abþ) and its associated demographic, cognitive, and imaging characteristics in this sample. We hypothesized that Abþ would be associated with risk factors for AD, and with signs of neural dysfunction measured using glucometabolic imaging, volumetric gray matter atrophy, and cognition.
Methods
Two hundred and one adults were recruited from the WRAP registry either by in-person invitation at their main WRAP study visit or by mailed invitation. The mean age was 60.1 years (SD ¼ 5.9 years), mean years of education was 16.1 (SD ¼ 2.3), and 139 (67%) were women. Fifty-nine (29%) individuals reported no family history (FH) of AD; 95 (46%) had a maternal history of AD (mFHþ); 44 (21%) had a paternal history (pFHþ), and 9 (4%) had both parents afflicted with AD (mpFHþ). APOE genotype was as follows: APOE e2/e2 ¼ 0; e2/e3 ¼ 23; e2/e4 ¼ 7; e3/e3 ¼ 96; e3/ e4 ¼ 69; e4/e4 ¼ 6. The characteristics of this study sample did not differ significantly from the larger WRAP registry.
The method for determining the presence or absence of AD in the parent has been described previously (La Rue et al., 2008; Sager et al., 2005) . The University of Wisconsin Institutional Review Board approved all study procedures and each subject provided signed informed consent before participation.
Imaging methods
The procedures involved undergoing a [C-11]Pittsburgh compound B ([C-11]PiB) positron emission tomography (PET) scan, an Fluorodeoxyglucose ([F-18] FDG PET) scan, (both on a the same Siemens EXACT HRþ scanner and typically occurring the same day), and a 3.0 Tesla magnetic resonance imaging (MRI) scan.
[C-11]PiB radiochemical synthesis
[C-11]PiB was synthesized using a captive solvent method (Wilson et al., 2000) . N-methylation of the 2-(4 0 -amino-phenyl)-6-OH-benzothiazole (6-OH-BTA-0) precursor (ABX, Inc, Radeberg, Germany) was accomplished using [C-11] methyl triflate produced via an automated chemistry module and subsequently purified using high-performance liquid chromatography. Typical yields of final [C-11]PiB product were in excess of 2 GBq, with specific activities of 150e600 GBq/mmol. [F-18] FDG was purchased from a commercial vendor.
PiB PET scanning
The [C-11] PiB PET data were acquired in 3-D mode. Participants were positioned head first, supine with the canthomeatal line parallel to the in-plane field of view. A 6 minute transmission scan was acquired for attenuation correction. A 70-minute dynamic [C-11] PiB PET acquisition was then initiated with the injection of a 15 mCi target dose of [C-11]PiB bolus (mean 15.3 mCi, SD ¼ 0.9), injected over 30 seconds. Dynamic acquisition frames included 5 Â 2 minutes and 12 Â 5 minutes for a total of 17 time frames. The PET data were reconstructed using a filtered back-projection algorithm (Direct inverse Fourier Transformation; DIFT) with sinogram trimming to a voxel size of 2.57 mm Â 2.57 mm Â 2.43 mm and matrix dimension of 128 Â 128 Â 63 and corrected for random events, attenuation of annihilation radiation, dead time, scanner normalization, and scatter radiation using the ECAT v7.2.2 software with segmented attenuation correction. The reconstructed time series of PET data were realigned using SPM8 (www.fil.ion. ucl.ac.uk/spm) to correct for subject motion during the course of the study and a denoising algorithm was applied to the voxelbased time series (Christian et al., 2010; Floberg et al., 2012) . The PET time series was coregistered into the space defined according to the T1-weighted MRI scan based on coregistration with the time-integrated (i.e., sum image) [C-11] PET scan using mutual information.
Distribution volume ratio maps
The data were then transformed into voxel-wise parametric images representing [C-11] PiB binding using the cerebellar cortex as a reference region of negligible binding . The cerebellar timeeactivity curve was extracted from the PET data using a cerebellar gray matter (GM) mask image derived from the coregistered T1-weighted MRI using FreeSurfer 5.3 software (http://surfer.nmr.mgh.harvard.edu/). Voxel-based parametric images using Logan graphical analysis were created as described previously . For the Logan graphical method (Logan et al., 1996) , linear regression was applied to the transformed data using the 35e70 minute (7 points) interval and a mean efflux constant of 0.149/min. The resulting distribution volume ratio (DVR) images were each inspected for quality and rated for amyloid burden using a rating system described in (Section 2.1.4). Using SPM8, the DVRs were also spatially normalized to the International Consortium for Brain Mapping 152 atlas (ICBM 152, i.e., Montreal Neurological Institute [MNI] space) and smoothed with an 8-mm full width at half maximum Gaussian kernel and entered into voxel-wise group analyses.
Qualitative PiB rating
A qualitative score for amyloid burden was used for greater clinical applicability and to allow for the possibility of regional heterogeneity in this age range when amyloid burden may only be emerging. The visual rating of PiB positivity was achieved on the native space DVR images that were all scaled uniformly from 0.0 to 2.0, and displayed using a color map (the ACTC activation color map) that provided distinct shades of color for demarcating PiB positivity (approximately 1.2 or greater). After establishing high inter-and intrarater reliability (intraclass correlation coefficients of 0.95 and 0.96, respectively) on a set of 33 consecutively selected examinations, the entire set of examinations was rated in 1 session by a single rater (SCJ) blind to subject characteristics. Examinations were rated on a 4-point scale, where 0 represented no cortical amyloid burden or only nonspecific white matter uptake; 1 represented non-significant patchy or diffuse cortical GM binding not resembling an AD pattern (significant uptake in the basal ganglia was common and not considered in the amyloid score); 2 represented an indeterminate (Abi) classification where GM binding was present in the cortex of at least 3 lobes resembling an AD disease pattern but less intense than an overtly positive scan; 3 represented unambiguous positive amyloid binding in the cortex (Abþ). Category 0 occurred rarely (9 cases, too few to study as its own class) so 0 and 1 ratings were subsequently combined to form an amyloid negative (AbÀ) group. Fig. 1 depicts the rating categories with examples.
FDG PET image formation and postprocessing
FDG PET imaging used the Alzheimer's Disease NeuroImaging Initiative protocol (Jagust et al., 2010) including 5 mCi FDG injection with a 30-minute uptake period and 30 minute transaxial acquisition. Post-processing involved frame-to-frame realignment and summation of the 30 minute emission scans, which were then coregistered to the T1-weighted MRI scan. The images were spatially normalized to the ICBM 152 atlas and smoothed to 8 mm using SPM8 and subsequently entered into statistical analyses. Intensity normalization was achieved by calculating the mean signal over the pons and cerebellar vermis (Jagust et al., 2012; Knopman et al., 2013) and including this value in the statistical analysis using the ANCOVA normalization option in SPM8.
MRI protocol
All participants were scanned using a GE 3.0 Tesla MR750 (Waukesha, WI, USA) using an 8 channel head coil. A T1-weighted brain volume was acquired in the axial plane with a 3-D inversion recovery prepared fast spoiled gradient-echo sequence using the following parameters: inversion time (TI) ¼ 450 ms; repetition time (TR) ¼ 8.1 ms; echo time (TE) ¼ 3.2 ms; flip angle ¼ 12 ; acquisition matrix ¼ 256 Â 256 Â 156 mm, field of view (FOV) ¼ 256 mm; slice thickness ¼ 1.0 mm. Voxels were 1 mm isotropic. The image acquisition protocol also included T2-weighted and fluid attenuated inversion recovery (FLAIR) anatomical scans, which were reviewed by a neuroradiologist (HAR) for exclusionary abnormalities. The T1-weighted volume was segmented into tissue classes using the new segment feature in SPM8 and the resulting modulated and spatially normalized GM probability maps were smoothed to 8 mm Gaussian and entered into statistical analysis.
Neuropsychological assessment
Participants completed a comprehensive neuropsychological battery (Sager et al., 2005) proximal to the time of scanning that included a global cognitive measure (Mini Mental State Examination) and domain-specific tests. The battery included but was not limited to tests shown in Table 1 . The tests selected for inclusion in analyses emphasized memory, executive function, and self-report measures of cognitive and mood symptoms.
Statistical analysis
Demographic and neuropsychological data were analyzed using SPSS 20.0 (IBM Corp, Armonk, NY, USA) with Ab ratings as the group factor. Categorical variables were analyzed using c 2 tests; continuous variables were analyzed using 1-way analysis of variance (ANOVA). The analysis of neuropsychological measures was done using a series of 1-way ANCOVAs with amyloid group status as a fixed factor and age, education, sex, parental FH of AD, and APOE4 genotype as covariates (FH and APOE4 were binary variables for presence/absence of the characteristic).
Imaging analyses
Univariate ANCOVA was conducted on imaging modalities with Ab ratings as the group factor. Analyses were conducted with SPM8. A descriptive analysis of the PiB images was done first, without any covariates to simply describe the spatial regions where the groups differed. This was followed by inferential voxel-wise tests on measures of neural function as approximated by FDG. An omnibus F test for group differences was conducted followed by post hoc contrasts to further interrogate significant regions in the F test. GM was quantified using voxel-based morphometry (VBM) segmentation and statistical methods (Ashburner and Friston, 2000) . In all of these analyses of metabolism and volume, the search region and inference were constrained to GM of the cerebrum only, which was achieved by binarizing the SPM canonical GM a priori probability map at 0.3 multiplied by a binary map of the left and right cerebral hemispheres from the Wake Forest Pick Atlas (Maldjian et al., 2003) . For each model we included APOE4 status (binary variable), FH of AD, sex, and age as covariates. The FH covariate was treated as a binary covariate because subgroup categories (maternal, paternal, both, neither) are not known to be ordinal. For the GM VBM analysis, total intracranial volume was also a covariate. Covariates were mean-centered. Inference was based on familywise error (FWE) multiple comparison correction using random field theory (Worsley et al., 2004) . For FDG this entailed initially passing through a voxel level threshold of p < 0.005 together with cluster extent >100 voxels and FWE-corrected p-values are reported for the voxel and cluster level in GM of the cerebrum among only those voxels surviving the F test (p ¼ 0.005 threshold). For VBM, the same procedures were used, and inference was at the voxel-level because of non-stationarity (Ridgway et al., 2008) . Correlations of amyloid load with age were computed using Pearson correlation coefficients. The amyloid variable was not distributed normally and was therefore transformed to a normal shape using a rank-based inverse normal (Rankit) transformation. Correlations on both the raw and transformed data were performed. Nonparametric Spearman correlations were also computed on the raw data. For these correlations, the amyloid values were derived from 6 regions of space were defined a priori based on significant group differences observed in 12 amnestic mild cognitive impairment (MCI) patients (mean age 71.8, SD ¼ 10.0; 5 women, 7 men) with presumed AD etiology diagnosed in a multidisciplinary consensus conference of the Wisconsin Alzheimer's Disease Research Center using standard criteria (Albert et al., 2011) , and compared with 12 matched control subjects (mean age 68.1, SD ¼ 10.9; 8 women, 4 men) who underwent the same [C11]PiB acquisition and processing protocol as the main sample. The regions included 4-mm spheres around peak maxima in the posterior cingulate (MNI coordinates À6, À54, 30), orbital frontal (6, 46, À4), left and right lateral temporal lobe (À60, À60, 0, and 58, À60, À8), and left and right lateral parietal lobes (À46, À64, 34 and 50, À60, 40). Table 1 presents demographic and cognitive data according to Ab positivity groupings. Eighteen percent of the samples were strongly Abþ, 41% were classified as Abi (indeterminate), and 41% were AbÀ. The Abþ group was significantly (p ¼ 0.01) older (by 3.5 years) than the AbÀ group. The Abi and Abþ groups contained a significantly greater proportion of women than the AbÀ group (p ¼ 0.005). The Abþ group tended to be comprised of a greater proportion of maternal FH (64% in the amyloid positive group vs. 41% and 43% in the Abi and AbÀ groups; p ¼ 0.054). APOE4 status was not different between groups although a trend (p ¼ 0.11) was also evident in this already enriched cohort.
Results

Patterns of amyloid deposition
The spatial locations where the Abi and Abþ groups differed from the AbÀ group are shown in Fig. 2 . These effects were strongly significant using a FWE-corrected p-value (p c ) of 0.05 and were in regions typically seen in AD including the cortex of the medial and lateral parietal lobe, anterior medial and lateral frontal lobe, and lateral temporal lobe. Because the amyloid ratings defined the groups, differences were expected and are presented descriptively to show regions where amyloid load occurred.
Age and amyloid burden
The age effect was examined further in 6 regions of interest (posterior cingulate/precuneus, lateral temporal cortex bilaterally, lateral parietal cortex bilaterally, and medial frontal pole) and 2 of these regions are shown in Fig. 3 where quantitative amyloid burden in each region is scatter-plotted against age. Because the PiB distribution on age was skewed, we applied a rank-based normalizing transform to the PiB region of interest distributions and fitted a least squares regression line (also shown in Fig. 3 ). The
Pearson correlations (on the raw region of interest data) with age were as follows: posterior cingulate r ¼ 0.20, p ¼ 0.004; left lateral temporal cortex r ¼ 0.25, p < 0.001; right lateral temporal lobe r ¼ 0.31, p < 0.001; left lateral parietal cortex r ¼ 0.23, p ¼ 0.002; right lateral parietal cortex r ¼ 0.24, p ¼ 0.001; medial frontal cortex r ¼ 0.14, p ¼ 0.05. Pearson correlations on the transformed PiB variables and correlations using Spearman r coefficients on the raw data were also computed with nearly identical results. These correlations suggest a moderate relationship between age and PiB load in this age range.
Glucose metabolism according to amyloid load
To determine whether severity of amyloid burden was associated with neural function we examined glucose metabolism with FDG uptake and computed an ANOVA in which the amyloid rating was the grouping variable and FDG uptake the dependent variable. An omnibus F test for any group differences was first computed followed by simple effects (computed among only those voxels significant on the Ftest) to ascertain which groups were different and the direction of the effect. The Abi group exhibited greater metabolism relative to the AbÀ group in the medial thalamus (À4, À18, 2; t ¼ 5. 
Gray matter volume by amyloid load
A 3-group ANOVA was computed voxelwise on 188 participants. There were no regions where the Abþ group exhibited lower volume than the AbÀ group. In contrast, the Abþ group exhibited greater GM volume in the lateral parietal lobe bilaterally (right: 33, À43, 54; t ¼ 4.38, p < 0.001, 1010 voxels; left: À34, À42, 52, t ¼ 3.83, p < 0.001, 529 voxels) and right ventral temporal lobe (48, À40, À21, t ¼ 4.12, p < 0.001, 1107 voxels). However, none of these differences reached voxel-level significance when corrected for multiple comparisons.
Cognitive function by amyloid load
Several cognitive measures were compared in 3 groups using ANCOVA. Because cognitive performance can be affected by age, education, and sex, these were included as covariates. Binary variables for positive parental family history and APOE4 genotype were also included as covariates. Means and standard deviations are shown in Table 1 together with the p-value of the F statistic. Groups did not differ on any of the cognitive measures. Nor did they differ on subjective cognitive complaints or symptoms of depression.
Discussion
In vivo amyloid imaging with compounds such as [C-11] PiB may have utility in detecting preclinical AD at a time when intervention may be optimal. Here our purpose was to examine the demographic, cognitive, and imaging characteristics of subjects who differed in amyloid load among a relatively younger Fig. 2 . Spatial location of amyloid positivity in subjects rated as beta-amyloid intermediate (Abi) and beta-amyloid positive (Abþ) versus subjects rated as beta-amyloid negative (AbÀ). Top row: Left lateral and medial renderings with color overlay of the statistical map where the Abi group has more amyloid load than the AbÀ group. Bottom row: Left lateral and medial views where the Abþ group exhibited significantly more amyloid load than the AbÀ group. Color bar represents the value of the t-statistic. The minimum t value in these maps is t ¼ 5.0 which exceeds the voxel-level family wise error correction threshold. Abbreviations: Abi, beta-amyloid intermediate; AbÀ, beta-amyloid negative; Abþ, beta-amyloid positive.
cohort of subjects with a mean age of 60. In this study we found that 18% of people in the WRAP longitudinal cohort (which is enriched with persons who have parental FH of AD and APOE4 genotype) were strongly positive for amyloid. The areas of amyloid load were those that are typically seen in people with AD. The Abþ group was 3 years older and had a disproportionately greater representation of women. Trends were observed for maternal FH and APOE4 status. At this relatively young age, Fig. 4 . Fluorodeoxyglucose (FDG) group differences: regions where the Abþ (red) and Abi (green) groups exhibited significantly higher FDG uptake compared with the AbÀ group. Areas in yellow depict overlapping results. There were no regions where the Abþ and Abi groups had significantly less uptake compared with the AbÀ group. The result maps are displayed on axial slices of a template image from inferior to superior at MNI z-coordinates: À7, À2, 3, 8, and 32. A mid-sagittal reference image is also shown depicting the elevations of the axial slices. Left is on left. Abbreviation: FDG, fluorodeoxyglucose. amyloid positivity was not accompanied by lower GM volume, or cognition; nor did groups differ on subjective cognitive or mood symptoms, suggesting that Abþ subjects may be in a preclinical epoch. Glucose metabolism was greater in thalamus bilaterally in the Abi and Abþ groups relative to the AbÀ group and higher bilaterally (again relative to the AbÀ group) in the lateral temporal lobe of the Abþ group.
The magnitude of the positive relationship between amyloid load and age (mean age 60 years; range 46e73 years) was significant although moderate (simple correlations between 0.20 and 0.30 in temporal and parietal cortices) and the values we report are slightly lower than values recently reported in a healthy adult sample not enriched for AD risk factors and spanning a broader age range of 30e89 (Rodrigue et al., 2012) . Our finding of 18% amyloid positivity is generally consistent, if not slightly higher, than (Rowe et al., 2010) who found 10% positivity in healthy adults aged 50e59 and 18% positivity in healthy adults aged 60e69. Morris et al. 2010 found approximately 19% Abþ in adults aged 60e69 and 4.5% in adults aged 45e59 (in that sample, PiB load in each age group differed by APOE4 status). Amyloid positivity increases with age among normal subjects in the Alzheimer's Disease NeuroImaging Initiative and Australian Imaging, Biomarkers and Lifestyle cohort studies (Jagust et al., 2010; Rowe et al., 2010) . The effect of sex was also significant. A previous study in older normal subjects (not enriched for AD risk) did not find a sex effect (Mielke et al., 2012) . It is known that the effect of APOE4 on risk for AD is greater in women (Farrer et al., 1997) .
The Abþ group tended to have a greater rate of maternal family history of AD (p ¼ 0.054). This trend is consistent with recent reports (Mosconi et al., 2010 (Mosconi et al., , 2013 in which greater amyloid burden in healthy older adults with maternal FH was described. This is also consistent with reports in which it was suggested that maternal FH is associated with lower cerebral blood flow (Okonkwo et al., 2012b) , lower metabolic rate of glucose (Mosconi et al., 2007 (Mosconi et al., , 2009 , cerebral atrophy (Honea et al., 2010 (Honea et al., , 2011 , and altered white matter microstructure on diffusion tensor imaging scans (Bendlin et al., 2010) . Maternal inheritance of AD is significantly more common than paternal inheritance (Edland et al., 1996) . The mechanism of this phenomenon is an active area of research (Swerdlow, 2011) . The lack of a significant association with APOE genotype in this study is likely due to the young age of our sample and it may be that APOE associations are region-specific in a manner that was not tested with the design of this study. In other studies on older participants (Mathis et al., 2013; Mielke et al., 2012) and disease groups, significant associations have been found between amyloid load and APOE, and between glucose metabolism and APOE (for example, Jagust et al., 2012; Landau et al., 2012) .
Amyloid load and neural function
The Abi and Abþ group exhibited areas of greater FDG metabolism relative to the AbÀ-group and no areas of reduced metabolism. Among Abi, the effect was predominant in the bilateral medial thalamus; whereas in Abþ greater metabolism was found in the medial thalamus and superior temporal gyrus bilaterally. Studies of FDG in people at risk (e.g. APOE status, FH status) have typically reported hypometabolism, rather than hypermetabolism. However, when subjects were grouped according to amyloid burden, increases in glucose metabolism associated with amyloid load have been observed. In a study of older healthy adults (mean age of 74), a positive relationship between global PiB burden and FDG metabolism in the posterior cingulate was observed (Oh et al., 2012) . In another study a positive relationship was reportedamong MCI subjects in whom greater FDG metabolism in a precuneus region of interest was associated with greater PiB burden in medial and lateral parietal lobes and posterolateral temporal lobes bilaterally (Cohen et al., 2009) . However, other studies do not agree (Knopman et al., 2013; Lowe et al., 2009) . It is possible that the FDG differences we observed represent a higher basal metabolic rate in the amyloid positive subjects (Cohen et al., 2009) . It may also be that this represents an early event in the AD cascade in reaction to the presence of amyloid, in a process that eventually leads to metabolic decline. This may be a compensatory response in distressed neural systems, a hypothesis that has been invoked in the functional imaging literature in people at risk to explain increased cerebral activation with increasing AD risk (Dickerson et al., 2004; Jacobs et al., 2012; Nichols et al., 2012) . Longitudinal measurements in these subjects are needed to address this and are planned. It is intriguing that the hypermetabolic findings we observed are predominant in the thalamus. This is not typically viewed as an AD-vulnerable region, although it is now increasingly observed with amyloid imaging methods that this region commonly has high amyloid load (Furst and Lal, 2011; Mosconi et al., 2010) .
Amyloid, gray matter volume, and cognition
The Abþ group exhibited no indications of atrophy in this cross-sectional study, but did exhibit bilateral parietal areas of increased volume relative to the AbÀ group. This finding was not significant when corrected for multiple comparisons. However, anatomic differences associated with amyloid burden are of interest and in at least 1 other study (Chetelat et al., 2010) larger volumes (in their case temporal lobe volumes) were reported in controls who were amyloid positive relative to amyloid negative controls. Studies of prospective volumetric change are planned in this cohort. Changes in white matter microstructure associated with amyloid in this relatively young at-risk population have not been assessed and are also planned including the analysis of white matter pathways that stem from the amyloid-rich regions we observed.
With regard to cognitive function, the 3 groups scored in the high normal range and did not differ on any of the measures including measures of verbal and visuospatial episodic learning and delayed recall, working memory, processing speed, and executive function. This is not surprising because the sample was relatively young and because there was only questionable evidence of neural injury (in the upregulated FDG results) that would be expected to precede cognitive decline (Sperling et al., 2011) . The groups also did not differ on subjective cognitive complaints or endorsement of mood symptoms. Because the WRAP cohort is longitudinally followed, we will be able to examine trajectories of cognitive decline with regard to amyloid load and other brain imaging modalities as the study progresses.
The indeterminate amyloid group comprised 41% of the sample. This group is potentially of high interest because at least some of these subjects might begin to develop amyloid positivity (Chételat et al., 2013) . The rating of an Abi level of amyloid was based on the presence of GM PiB uptake in at least 3 lobes, but not sufficiently abundant to warrant an unambiguously positive rating. All subjects are being asked to return for repeat imaging in 2 years later to assess longitudinal progression in amyloid load and whether such a change is associated with other imaging or cognitive features.
The relationship between imaging markers of amyloid and cerebrospinal fluid (CSF) markers in this population is of particular relevance. Approximately 50% of the sample here agreed to donate CSF and studies designed to compare the concordance and predictive ability of these imaging and CSF markers are planned.
Conclusion
This study aimed to elucidate the rate of amyloid positivity and associated demographic, imaging, and cognitive findings among a cohort enriched for risk factors for AD. We have shown that a positive scan in this at-risk cohort is not related to concomitant decrements in cognition or cerebral atrophy, but was associated with area-specific increases in glucose metabolism suggestive of a period of reactive or compensatory signal that will be investigated further in a longitudinal study. The sample was highly educated, two-thirds female and predominantly Caucasian, potentially limiting the generalizability of the findings. Because amyloid signal is evident at least a decade before expected onset of MCI and AD cognitive symptoms (Sperling et al., 2011) , these data join other studies to suggest that it is feasible to screen and enroll amyloid positive subjects into secondary prevention clinical trials that are implemented before neuronal degeneration and cognitive decline. Such a time window may be optimal for treatment effectiveness in delaying or preventing symptomatic AD.
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